tA
International Online Conference “One-Parameter Semigroups of Operators 2023” @)
N—

Environment as a resource for controlling quantum systems
A.N. Pechen [

Keywords: quantum control, open quantum systems, incoherent control, engineered environment.
MSC2020 codes: 81Q93, 81522

Introduction. Control of quantum systems is an important branch of modern quantum
physics, whose development is motivated both by fundamental reasons and by existing and
prospective applications to quantum technologies [1]. In many experimental circumstances,
controlled quantum systems are interacting with the environment [2,3]. The environment is
often considered as having deleterious effect on the ability to control the system. However, it
can be also exploited as a useful resource. Various approaches for using the environment as a
resource exist. In this talk we will discuss the incoherent control method proposed in [4]. This
method, when combined with coherent control, was shown to provide approximate controlla-
bility of generic N-level open quantum systems in the set of all density matrices [5].

Incoherent control by the engineered environment. Density matrix p; at time ¢ of a
quantum system under the action of coherent and incoherent controls evolves according to the
master equation (we set Planck constant as A = 1)

% = —i[Ho+ H.(t), pe] + %Cn(t)(Pt)a Pt=0 = Po -

In this equation, Hy is the free system Hamiltonian, H.(¢) is the Hamiltonian describing inter-
action of the system with coherent control u(t) [e.g., a laser field; a typical situation is when
H.(t) = Vu(t)], n(t) > 0 is generally time-dependent incoherent control (e.g., spectral density
of incoherent photons). The key feature here is that the dissipator £,y becomes dependent on
incoherent control. Various physical forms of this dependence were considered in [4]. Equiv-
alently, this master equation was written in [4] as a master equation with time dependent
decoherence rates (1),

Wt~ —ilHy + HD), 0] + L)

Here k denotes all possible different pairs of energy levels in the controlled system and D
is a Gorini—Kossakowski-Sudarshan—Lindblad dissipator, for which two physical classes were
exploited — incoherent photons and quantum gas, with two explicit forms of Dy derived in the
weak coupling (describing atom interacting with photons) and low density (describing quantum
system interacting with a quantum gas) limits, respectively [4]. Generally, coherent control can
also enter in the dissipator, and in opposite, incoherent control also modifies the Hamiltonian
via Lamb shift. Non-Markovian master equations can be considered for incoherent control as
well.

Applications of incoherent control. The method of incoherent control was found to
be successful when applied to various quantum systems. In [5], it was shown that for the
explicit form of D;, derived in the weak coupling limit, generic N-level quantum systems subject
to coherent and incoherent controls become approximately controllable in the set of density
matrices. The original proposed scheme was significantly speed-up for a two-level case by
minimizing time of the incoherent stage [6]. The set of reachable states for a single qubit was
described analytically using methods of geometric control theory in [7]. Recently, incoherent
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control by the environment was combined with speed gradient approach to manipulate energy of
a quantum oscillator interacting with the environment (8], where convergence of the differential
form of the speed gradient approach to optimal solution was rigorously proved and moreover, the
conditions which guarantee that the obtained incoherent control is physical (i.e., non-negative)
were found. Various aspects of pure and mixed state preparation using coherent and incoherent
controls were investigated also in two-qubit systems [9,10]. All of this show high capabilities of
incoherent control [4] for controlling quantum systems.
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